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AN I M P R O V E D TV-SCANNING METHOD 
FOR RECORDING T I M E - R E S O L V E D 
O P T I C A L S P E C T R A OF TRANSIENTS 

by 

K. H. S c h m i d t , S. Gordon , 
and W. A. Mulac 

ABSTRACT 

An i m p r o v e d me thod to r e c o r d a t i m e - r e s o l v e d t r a n 
s i e n t a b s o r p t i o n o r e m i s s i o n s p e c t r u m p roduced by a s ing le 
p u l s e of r a d i a t i o n is d e s c r i b e d . A s t r e a k i m a g e of the s p e c 
t r u m is p r o d u c e d by an i m a g e - c o n v e r t e r c a m e r a . The i m a g e 
is s c a n n e d by a TV c a m e r a , s t o r e d in a v i d e o - d i s k r e c o r d e r , 
and t r a n s f e r r e d l ine by l ine to a c o m p u t e r . The c o m p u t e r can 
p r o d u c e t h r e e - d i m e n s i o n a l p lo ts of a b s o r b a n c e o r e m i s s i o n v e r 
sus t i m e and wave l eng th conta in ing 100 x 100 da ta po in t s . 

I. INTRODUCTION 

In a p r e v i o u s pub l i ca t i on we d e s c r i b e d a new me thod of r e c o r d i n g the 
t i m e d e p e n d e n c e of a t r a n s i e n t a b s o r p t i o n o r e m i s s i o n s p e c t r u m p roduced by 
a s ing le pu l s e of r a d i a t i o n . The t i m e - r e s o l v e d s p e c t r u m is p r o d u c e d by an 
i m a g e - c o n v e r t e r c a m e r a wi th s t r e a k capab i l i t y . In the e a r l i e r pub l ica t ion we 
d e s c r i b e d the m e t h o d in which the s t r e a k i m a g e was scanned by a TV c a m e r a , 
the output of wh ich w a s t r a n s f e r r e d to a c o m p u t e r . In that m e t h o d , 2000 da ta 
points w e r e divided be tween w a v e l e n g t h and t i m e poin ts in d i f fe ren t p o s s i b l e 
c o r r b i n a t i o n s . 

In the i m p r o v e d v e r s i o n d e s c r i b e d in th is r e p o r t , we have i n c r e a s e d the 
n u m b e r of da ta poin ts to 10,000 (100 wave l eng th and 100 t i m e po in t s ) . We have 
a c c o m p l i s h e d th is by r e c o r d i n g the TV output of the s t r e a k i m a g e onto a v ideo 
disk r e c o r d e r and t r a n s f e r r i n g th i s i m a g e to the c o m p u t e r a f te r d ig i t i z ing . The 
data a r e p r o c e s s e d by the c o m p u t e r and p r e s e n t e d in a t h r e e - d i m e n s i o n a l f o r 
ma t on a T e k t r o n i x g r a p h i c t e r m i n a l equipped wi th a h a r d - c o p y unit . I n c r e a s e d 
l i n e a r i t y is a ch i eved by i m p r o v i n g the e l e c t r o n i c c i r c u i t r y ; i n c r e a s e d s e n s i t i v 
ity by u s e of a m o r e s e n s i t i v e Vid icon tube h a s a l s o been a c h i e v e d . 

II . DESCRIPTION OF A P P A R A T U S 

The fol lowing d e s c r i p t i o n a s s u m e s f a m i l i a r i t y wi th t h e a p p a r a t u s d e 
s c r i b e d in Ref. 1. It i nc ludes only t h o s e f e a t u r e s of the p r e s e n t s y s t e m tha t 
have been added to or r e p r e s e n t mod i f i c a t i ons of the p r e v i o u s v e r s i o n . 



A. Opt i ca l A r r a n g e n n e n t 

T h e op t ica l s y s t e m h a s r e m a i n e d e s s e n t i a l l y t h e s a m e a s ^^e one d e 

s c r i b e d xn Ref. 1. F i g u r e 1 shows our p r e s e n t a r r a n g e m e n t . T h e fol lowing 

mod i f i ca t i ons m a y be noted. 

1. The a n a l y s i n g l ight m a k e s only one p a s s (5 cm) f'°-f'^^'';^^°''^-

t lon ce l l . Al though th is change . e d u c e s ' > ' ; ^ ; f ; ; P ' : ° " „ - ^ " ^ i , l ' ^ i / : ' , r : ; ° h e 
e s p e c i a l l y in the fa r uv. is i m p r o v e d , b e c a u s e we can now m 
a p e r t u r e of the s p e c t r o g r a p h , and one m i r r o r wi th rts r e f l e c t . o n l o s s e s has 
been e l i m i n a t e d . 

2 A c y l i n d r i c a l l ens has been i n s e r t e d b e f o r e the s p e c t r o g r a p h to 
c r e a t e a s l igh t a s t i g m a t i s m , so tha t the " v e r t i c a l " i m a g e of the a r c a p p e a r s on 
the v e r t i c a l e n t r a n c e s l i t of the s p e c t r o g r a p h and the h o r i z o n t a l i m a g e on he 
h o r i z o n t a l s l i t , which is about 2 c m be fo re the v e r t i c a l s l i t . Due to t h e a s t i g 
m a t i s m i n h e r e n t to the C z e r n y - T u r n e r - O p t i c s of the s p e c t r o g r a p h , the images 
of both s l i t s impinge on the photoca thode of the s p e c t r o g r a p h . Th i s mod i f i ca 
t ion i n c r e a s e s the l ight flux by a f ac to r of 2 - 3 . 

3 A TV c a m e r a (Shibaden 16S) equipped wi th a S i l i con Diode A r r a y 
Vidicon (RCA 4532A) is now used . The new tube is about 40 t i m e s a s sensi t ive 
as the s t a n d a r d Vidicon tube (RCA 773S). 
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Fig. 1. Optical Arrangement of the Apparatus. ANL Neg. No. 122-1229. 

B . E l e c t r o n i c C i r c u i t r y 

T h e e s s e n t i a l f e a t u r e of t h e n e w s t r e a k a p p a r a t u s i s i t s c a p a b i l i t y to 

r e c o r d a n d p r o c e s s t h e e n t i r e t r a n s i e n t s p e c t r u m b y s t o r i n g t h e T V i m a g e of 



the s t r e a k on a TV d i sk r e c o r d e r . We a r e us ing a r e l a t i v e l y i n e x p e n s i v e 
H i t ach i M o d e l M V - I U ( " M e m o r y Vis ion" ) r e c o r d e r , which s t o r e s a s i ng l e TV 
field (263 l i ne s ) on a 1 0 - c m m a g n e t i c d i sk . 

F i g u r e 2 shows the b lock d i a g r a m of the e n t i r e s y s t e m . It is divided 
into two s e p a r a t e s e c t i o n s : The r e c o r d i n g s e c t i o n s t o r e s a s t r e a k i m a g e on 
the v ideo d i sk ; the p l a y b a c k sec t i on t r a n s f e r s t h i s da ta into the c o m p u t e r . 
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Fig. 2. Block Diagram of the Electronic Circuitry. ANL Neg. No. 122-1228. 

1. R e c o r d i n g S e q u e n c e 

T h e s e q u e n c e of e v e n t s of t h e r e c o r d i n g p r o c e s s , w h i c h i s s c h e m a 
t i c a l l y i n d i c a t e d in F i g . 3 , i s a s f o l l o w s : A m a n u a l l y i n i t i a t e d t r i g g e r s i g n a l 
i s s e n t t o t h e l i n a c c o n s o l e a n d a r m s t h e l i n a c . A f t e r a v a r i a b l e t i m e , t h e 
c o n s o l e r e t u r n s a p u l s e t o t h e c o n t r o l i n t e r f a c e . T h i s p u l s e a r m s a c i r c u i t 
w h i c h r e l e a s e s a t r i g g e r p u l s e w h e n t h e n e x t v e r t i c a l s y n c p u l s e f r o m t h e 
T V c a m e r a p r e c e d i n g a n e v e n - n u m b e r e d l i n e s c a n a r r i v e s . In F i g . 3 t h i s i s 
t h e f i r s t s y n c p u l s e l a b e l e d 2 . 

A l l f u r t h e r e v e n t s a r e i n a f i xed t i m e r e l a t i o n t o t h i s t r i g g e r : A 
" f r e e z e " c o m m a n d i s s e n t t o t h e v i d e o r e c o r d e r , a b o u t h a l f w a y b e t w e e n t w o 
v e r t i c a l s y n c p u l s e s . T h e f o l l o w i n g v e r t i c a l s y n c p u l s e t h e n s t a r t s a n " e r a s e ' 
p e r i o d of 1 /60 s , a n d 1 /30 s l a t e r ( " t i m e z e r o " ) , a r e c o r d i n g p e r i o d ( l / 6 0 s ) . 
A n e l e c t r o n i c a l l y c o n t r o l l e d s h u t t e r o p e n s 5 m s b e f o r e t i m e z e r o a n d c l o s e s 
5 m s a f t e r t i m e z e r o . A l s o a t t i m e z e r o , t h e x e n o n l a m p p u l s e r i s t r i g g e r e d , 
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a n d a b o u t 0 .2 m s l a t e r , a t r i g g e r i s s e n t t o t h e l i n a c c o n s o l e . A f t e r t r a n s 
m i t t i n g a p r e t r i g g e r t o t h e s t r e a k c a m e r a s y s t e m , t h e c o n s o l e f i r e s t h e l i n a c . 

B y m e a n s of t h e d e l a y 
g e n e r a t o r i n c l u d e d in t h e s t r e a k 
c a m e r a s y s t e m (no t s h o w n i n t h e 
f i g u r e ) t h e p o s i t i o n of t h e l i n a c p u l s e 
r e l a t i v e t o t h e b e g i n n i n g of t h e s t r e a k 
c a n b e a d j u s t e d . T h e t i m e r e l a t i o n 
b e t w e e n t h e l a m p p u l s e , t h e s t r e a k , 
a n d t h e l i n a c p u l s e i s i n d i c a t e d i n t h e 
l o w e r p a r t of F i g . 3 . 

2 . T r a n s f e r of D a t a t o 
C o m p u t e r 

A f t e r t h e r e c o r d i n g p h a s e 
i s c o m p l e t e d , t h e s t o r e d T V f i e ld is 
c o n t i n u o u s l y p l a y e d b a c k b y t h e v i d e o 
r e c o r d e r . D a t a t r a n s f e r t o t h e c o m 
p u t e r i s i n i t i a t e d by a c o m m a n d typed 

on t h e g r a p h i c d i s p l a y t e r m i n a l ( T e k t r o n i x 4 0 1 0 ) . W h e n t h e c o m p u t e r i s r e a d y 
to r e c e i v e d a t a , a " r e a d y " s i g n a l i s s e n t t o t h e c o n t r o l i n t e r f a c e . T h e n e x t 
v e r t i c a l s y n c p u l s e f r o m t h e d i s k r e c o r d e r t h e n c a u s e s a " s t a r t " p u l s e t o be 
s e n t t o t h e c o m p u t e r i n t e r f a c e r e s e t t i n g a n d s t a r t i n g a c o u n t e r , w h i c h c o u n t s 
t h e h o r i z o n t a l s y n c p u l s e s f r o m t h e r e c o r d e r . W h e n a p r e s e t n u m b e r i s 
r e a c h e d , a t r i g g e r a r m p u l s e g o e s t o t h e c o n t r o l i n t e r f a c e . T h e n e x t h o r i z o n t a l 
s y n c p u l s e t h e n p r o d u c e s a t r i g g e r f o r t h e 2 0 0 0 - c h a n n e l t r a n s i e n t r e c o r d e r 
( B i o m a t i o n 8100) w h i c h d i g i t i z e s a n d s t o r e s 100 (j.s of v i d e o s i g n a l (one T V 
l i n e p l u s p a r t s of t h e t w o a d j a c e n t l i n e s ) . T h e d i g i t i z e d d a t a a r e a u t o m a t i c a l l y 
t r a n s f e r r e d t o t h e c o m p u t e r d i s k . 

T h e s u b s e q u e n t " r e a d y " s i g n a l i n c r e m e n t s t h e p r e s e t v a l u e for the 
c o u n t e r by o n e , a n d t h e s a m e s e q u e n c e i s r e p e a t e d , t h u s t r a n s f e r r i n g t h e next 
T V l i n e . T h i s p r o c e s s c o n t i n u e s u n t i l t h e d e s i r e d n u m b e r of l i n e s a r e s t o r e d 
on t h e c o m p u t e r d i s k . T h e n u m b e r s of t h e f i r s t a n d l a s t T V l i n e s t o b e t r a n s 
m i t t e d c a n b e e n t e r e d i n i t i a l l y t h r o u g h t h e g r a p h i c t e r m i n a l . U s u a l l y 100 l ines 
( abou t t h e h e i g h t of t h e s t r e a k i m a g e ) a r e u s e d . 

3 . R e c o r d i n g a n d P l a y b a c k L o g i c 

F i g u r e 4 s h o w s t h e b l o c k d i a g r a m of t h e c o n t r o l i n t e r f a c e . Detailed 
c i r c u i t d i a g r a m s f o r t h e " R e c o r d " s e c t i o n a r e g i v e n in F i g s . 5 a n d 6, d i a g r a m s 
for t h e " P l a y b a c k " s e c t i o n in F i g s . 7 a n d 8. N o t i n c l u d e d in t h e s e f i g u r e s a r e 
t h e b l o c k s l a b e l e d " M o d u l a t o r " a n d " D e m o d u l a t o r , " w h i c h w i l l b e d e s c r i b e d 
s e p a r a t e l y . 
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D i a g r a m s of the f i r s t two b locks of the " R e c o r d " s e c t i o n a r e 
r e p r o d u c e d in F i g . 5. The c i r c u i t s a r e p r a c t i c a l l y i d e n t i c a l to the c o r r e s 
ponding ones d e s c r i b e d in Ref. 1. The sync s e p a r a t o r s e p a r a t e s the sync 
p u l s e s f r o m the c o m p o s i t e v ideo s igna l . The sync iden t i f i ca t ion and a r m c i r 
cu i t ( labe led " A r m " in F i g . 4, u p p e r p a r t ) iden t i f i e s t h o s e v e r t i c a l sync p u l s e s 
t ha t p r e c e d e an e v e n - n u m b e r e d l ine s c a n (field), and t r a n s m i t s one s u c h p u l s e 
to the v a r i o u s de lay and output c i r c u i t s a f te r r e c e i v i n g an a r m p u l s e . The 
d i a g r a m a l s o i nc ludes the output c i r c u i t for the d i sk t r i g g e r , w h i c h g e n e r a t e s , 
a f te r an 8 - m s de lay , a 9 0 - m s , n e g a t i v e - g o i n g " f r e e z e c o m m a n d . " 

The r e m a i n i n g b locks of the " R e c o r d " s e c t i o n a r e shown in F i g . 6. 
The d i a g r a m s a r e s e l f - e x p l a n a t o r y . The l a m p t r i g g e r output i n c l u d e s a p r o 
t e c t i o n c i r c u i t tha t p r e v e n t s p u l s e s to be t r a n s m i t t e d m o r e often t h a n one p e r 
second . 

F i g u r e 7 con ta ins the sync s e p a r a t o r for the " P l a y b a c k " s e c t i o n . 
This c i r c u i t g e n e r a t e s , f r om the s t o r e d c o m p o s i t e v ideo s i g n a l , i s o l a t e d v ideo 
s igna l s for the B i o m a t i o n 8100 and for two m o n i t o r i n g o s c i l l o s c o p e s . It a l s o 
f u r n i s h e s t r i g g e r s for t hose o s c i l l o s c o p e s , s y n c h r o n i z i n g t h e m to the v e r t i c a l 
f r equency , and v e r t i c a l and h o r i z o n t a l sync p u l s e s for c o n t r o l l i n g the r e m a i n i n g 
logic shown in F i g . 8. 

The c i r c u i t s in the l a t t e r f igure l a b e l e d A r m ( l) and A r m (2) need 
no fu r the r exp lana t ion . The one l abe l ed Gate d i s a b l e s the h o r i z o n t a l sync 
output to the l ine coun te r dur ing and s h o r t l y af ter the v e r t i c a l sync p u l s e s to 
p r e v e n t e r r a t i c counts due to t r a n s i e n t s p r o d u c e d by the c a m e r a du r ing th i s 
t i m e . 

4 . Modula to r and Demodu la to r C i r c u i t s 

In the M V - I U d i sk r e c o r d e r , the i ncoming v ideo s igna l i s f r equency-
m o d u l a t e d (4 .4-6 MHz) before being s t o r e d on the d i sk . Dur ing p l a y b a c k , the 
s t o r e d F M is d e m o d u l a t e d to r e s t o r e the o r i g i n a l v ideo s i g n a l . We found that 
the m o d u l a t o r and d e m o d u l a t o r c i r c u i t s bui l t into the M V - I U , whi le p e r f e c t l y 
adequa te for r e p r o d u c i n g a good v i s u a l TV p i c t u r e , did not m e e t ou r r e q u i r e 
m e n t s wi th r e s p e c t to l i n e a r i t y and s igna l d i s t o r t i o n . We t h e r e f o r e d e s i g n e d 
and buil t our own r e s p e c t i v e c i r c u i t s , w^hich a r e d e s c r i b e d belo-w. 

The c o m p l e t e c i r c u i t d i a g r a m of the f r e q u e n c y m o d u l a t o r i s d e 
p ic ted in F i g . 9. The c i r c u i t c o n s i s t s of t h r e e b o a r d s . B o a r d 1 c o n t a i n s a 
l o w - p a s s f i l t e r (after Q l ) , a p r e - e m p h a s i s c i r c u i t (Q2 and Q3), a whi te p e a k 
c l i p p e r (after Q3), and a c l a m p c i r c u i t to hold the bo t t om of the sync p u l s e s 
at a c o n s t a n t l eve l (after Q4). The c i r c u i t s on b o a r d 1 r e p r e s e n t a r e a r r a n g e d 
and s l ight ly modi f ied v e r s i o n of t hose u s e d in the M V - I U . ^ 

B o a r d 2 con ta ins the naodula tor c i r c u i t p r o p e r . It c o n s i s t s of two 
e s s e n t i a l l y i den t i ca l p a r t s (upper and l ower h a l v e s of the d i a g r a m ) . E a c h 
p a r t is c o m p o s e d of a c h a r g i n g c i r c u i t ( Q l , Q2, Q6, Q7), an i n t e g r a t i n g 
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c a p a c i t o r (Ci , C2), a d i s c h a r g i n g c i r c u i t ( Q 3 - 5 , Q8- IO) , and a fas t a n a l o g vo l t age 
c o m p a r a t o r (I j , I2). The B output g a t e s of the c o m p a r a t o r s a r e w i r e d a s a f l ip -
flop. The s e q u e n c e of even t s i s a s fo l lows : Q l and Q2, ac t ing a s c u r r e n t 
s o u r c e s , c h a r g e Cj n e g a t i v e l y (with r e s p e c t to the +5 V l eve l ) . The r e s u l t i n g 
r a m p vol tage i s appl ied to input Aj of I j . Input Bj i s at a fixed l e v e l of abou t 
+ 3.2 V. When the r a m p vo l t age r e a c h e s t h i s l eve l , the ana log p a r t of Ii s w i t c h e s , 
changing the s t a t e of the f l ip- f lop; i . e . , output Bj goes h igh , output B^ low. 
The f o r m e r c a u s e s Q8 and Q9 to b e c o m e nonconduc t ing , a l lowing C^ to c h a r g e . 
The l a t t e r m a k e s Q3 and Q4 conduct ing so tha t Cj beg ins to d i s c h a r g e . The 
p r o c e s s con t inues in an ana log m a n n e r . 

We thus have two sawtooth g e n e r a t o r s coup led so tha t t h e i r l i n e a r 
r a m p s a l t e r n a t e , and the d i s c h a r g i n g t i m e does not affect the f requency^ a s long 
a s i t is s h o r t e r than the c h a r g i n g t i m e . Since the c u r r e n t s p r o d u c e d by Q l and 
Q6 v a r y l i n e a r l y wi th the video s igna l , and the c u r r e n t s f r o m Q2 and Q7 a r e 
cons t an t , the sawtooth f r equency i s a l i n e a r funct ion of the v ideo input vo l t age . 
The ga te s I3, a c , a r e u s e d to s t a r t the o s c i l l a t i o n in the even t t ha t both out
puts B[' and B2' a r e high. Gate I3, d, a c t s a s a d u m m y load to s y m m e t r i z e the 
c i r c u i t . 

On b o a r d 3, the A" outputs f rora Ii and I2 a l t e r n a t e l y p r e s e t and 
c l e a r a f l ip-f lop, thus p roduc ing a s q u a r e - w a v e s igna l , which is r o u n d e d off 
and t r a n s m i t t e d to the r e c o r d i n g a m p l i f i e r of the MV- lU. 

F i g u r e 10 s c h e m a t i c a l l y i n d i c a t e s the s i g n a l s a t the inpu t s and out
puts of II and I2. T h e r e is a de lay t^ of about 15 ns b e t w e e n the t i m e when in
put A r e a c h e s leve l B and the beginning of the nega t ive r a m p on the oppos i t e 
s ide . Th i s should c a u s e a n o n l i n e a r i t y of the v o l t a g e - f r e q u e n c y c u r v e of about 

3%. As i s shown be low ( F i g . 12A), t h i s dev ia 
t ion f r o m l i n e a r i t y i s not o b s e r v e d , p r e s u m a b l y 
due to the " t a i l " of the d i s c h a r g e c u r v e ind ica ted 
in F ig . 10. We found a t r i m m e r c o n d e n s e r at 
the b a s e of Q5 to be use fu l to " t r i m " the l i n e a r 
i ty. It can be shown tha t a t h e o r e t i c a l l y exac t 
m e t h o d to c o m p e n s a t e for the effect of t^ would 
be to feed p a r t of the v ideo s igna l to the B in
p u t s . The t r i m p o t R ,̂ had been in t ended for this 
p u r p o s e , but w a s l a t e r r e m o v e d . 

B; (A',') 

(A^) 

The d e m o d u l a t o r c i r c u i t i s shown in 
F i g . 11. It o p e r a t e s in the following way : The 
s igna l f r o m the d i s k of the MV- lU i s p r e a m p l i -
fied in the r e g e n e r a t i v e a m p l i f i e r of t ha t i n s t r u 
m e n t and by QO and Q l . It i s then sp l i t in to two 
c o m p l e m e n t a r y s i g n a l s by T r a n s i s t o r Q2. E a c h 
s igna l i s t r a n s m i t t e d t h r o u g h an e m i t t e r fol lower 

(Q3, Q4) to the Schmi t t t r i g g e r input of a m o n o s t a b l e ( i j , I2). The dc l e v e l s of 
the s igna l s a r e ad jus t ed so tha t Ij and I2 a r e t r i g g e r e d a t the p o s i t i v e and 

Fig. 10. Signals at Different Points in the 
Frequency-modular Circuit. 
ANL Neg. No. 122-2652 Rev. 1. 



n e g a t i v e z e r o - c r o s s i n g p o i n t s , r e s p e c t i v e l y , of the i n c o m i n g F M s igna l . The 
m o n o s t a b l e s c r e a t e n e g a t i v e output p u l s e s of about 5 0 - n s d u r a t i o n , which a r e 
c o n v e r t e d into c u r r e n t p u l s e s by Q5 and Q6. T h e s e c u r r e n t p u l s e s a r e i n t e 
g r a t e d in Cint- The f r e q u e n c y of the c u r r e n t p u l s e s c h a r g i n g Cint i s twice the 
F M f r e q u e n c y , and the m e a n c u r r e n t i s p r o p o r t i o n a l to t ha t f r equency , i . e . , to 
the o r i g i n a l v ideo a m p l i t u d e . 
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Fig. 11. Circuit Diagram of the Demodulator. ANL Neg. No. 122-2650. 

The r e m a i n i n g c i r c u i t c o n s i s t s of a l o w - p a s s f i l t e r (be tween Q7 and 
Q8), and a d e - e m p h a s i s n e t w o r k (be tween Q8 and Q9). The l a t t e r two c i r c u i t s 
w e r e e s s e n t i a l l y cop ied f r o m the c o r r e s p o n d i n g c i r c u i t s in the MV- lU.^ 

To t e s t the m o d u l a t o r and d e m o d u l a t o r c i r c u i t s for l i n e a r i t y and 
s igna l d i s t o r t i o n , the F M output of the f o r m e r w a s d i r e c t l y connec ted to the 
F M input of the l a t t e r and t e s t s i g n a l s w e r e app l ied to the video input of the 
m o d u l a t o r and c o m p a r e d to the s i g n a l s m e a s u r e d at the v ideo output n o r m a l l y 
going to the B i o m a t i o n 8100 ( s ee F i g . 4) . F i g u r e 12 r e p r o d u c e s o s c i l l o g r a m s 
of the input and output s i g n a l s , for two t e s t s i g n a l s : a sawtoo th f r o m an o s c i l 
l o s c o p e (A) and s q u a r e p u l s e s (B), wi th a r i s e t i m e of 5 ns f r o m a p u l s e g e n e r 
a t o r . The s l igh t dev ia t ion a t the b o t t o m of the sawtooth in F i g . 12A is due to 
the d iode c l a m p c i r c u i t in the m o d u l a t o r and a s i m i l a r c i r c u i t in the sync s e p 
a r a t o r . It only af fec ts the l ower p a r t of the sync p u l s e s of a v ideo s igna l . The 
s awtoo th a m p l i t u d e i s 10% l a r g e r than the m a x i m u m app l ied v ideo s igna l . 
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Linearity and Transient Response of the 
Modulator-Demodulator System. The 
lower trace in each picture represents 
the input signal, the upper trace, the 
outputsignal. A: t imescale, 10 jis/div; 
signal amplitude, 1.1 V (10<yo higher 
than the maximum range used). B: time 
scale, 1 |is/div; ordinate 0.2 V/div. ANL 
Neg. No. 122-2651. 

III. C O M P U T E R PROCESSING 

A t r a n s i e n t a b s o r p t i o n e x p e r i m e n t c o n s i s t s of t h r e e s t r e a k p i c t u r e s : 
(1) one with the l ight s o u r c e on, but no l inac p u l s e (IQ); (2) one wi th the l ight 
s o u r c e on and the l inac pu l s ed ( P u l s e ) ; and (3) one with the l ight s o u r c e off and 
no l inac pu l s e (Dark Leve l , DL). F i g u r e 13 r e p r e s e n t s a s i m p l i f i e d flow d ia 
g r a m for the p r o c e s s i n g of the s t r e a k da ta . The da t a f r o m e a c h " s h o t , " con
s i s t i ng of 2024 v a l u e s ( fou r -by te w o r d s ) p e r TV l ine , a r e m o v e d in to a 
t e m p o r a r y r a w - d a t a f i le . A p lo t t ing p r o g r a m a l lows one to d i s p l a y any d e s i r e d 
TV l ine on the g raph ic d i sp l ay t e r m i n a l . 

A d a t a - c o m p r e s s i o n p r o g r a m , o p e r a t i n g o n - l i n e , d e t e r m i n e s the l oca 
t ion of the h o r i z o n t a l sync p u l s e s and thus iden t i f i e s the p a r t of the s igna l 
r e p r e s e n t i n g the s t r e a k p i c t u r e . It then r e d u c e s the use fu l da t a f r o m about 
800 to about 100 va lues p e r TV l ine by a v e r a g i n g g r o u p s of e ight o r n ine va lue s . 
A l so , the b lanking l eve l i s s u b t r a c t e d f r o m a l l da t a to e l i m i n a t e the effect of 
s igna l dr i f t . 

The da ta a r e s u b s e q u e n t l y m o v e d into a t w o - c o m p a r t m e n t c o m p r e s s e d -
data f i le , which h a s been in i t i a l ly z e r o e d . In c a s e of a p u l s e o r IQ, the v a l u e s 
a r e added to the r e s p e c t i v e c o m p a r t m e n t s of the f i le . F o r the d a r k l e v e l , they 
a r e s u b t r a c t e d f r o m the con ten t s of both c o m p a r t m e n t s . In t h i s w^ay, the s e 
quence of the t h r e e sho t s does not affect the c a l c u l a t i o n . F o r each e x p e r i m e n t , 
a s e p a r a t e c o m p r e s s e d - d a t a file i s opened . T h i s file now c o n t a i n s up to 10000 
c o r r e c t e d " p u l s e " v a l u e s and the s a m e n u m b e r of c o r r e c t e d " IQ" v a l u e s . 

The next s t ep i s the a b s o r b a n c e c a l c u l a t i o n . It i n c l u d e s a c o r r e c t i o n 
for the n o n l i n e a r i t y ( g a m m a ) of the TV c a m e r a and the d i sk r e c o r d e r c i r c u i t r y 
(if any). A l so , the p o r t i o n of the s i g n a l s b e f o r e the beginning of the l inac pu l s e 
is u sed to c o r r e c t for s low f luc tua t ions of the l ight i n t ens i t y . The p r o g r a m a l so 
h a s the option of c a l c u l a t i n g e m i s s i o n s ( so far u n c o r r e c t e d for the s p e c t r a l r e 
sponse of the s y s t e m ) . In t h i s c a s e , no IQ i s u s e d . 
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Fig. 13. Flow Diagram for the Computer Processing of the Streak 
Data (DL = dark level). ANL Neg. No. 122-2648. 

The nex t o p e r a t i o n , if so d e s i r e d , i s the smoo th ing of the da ta in both 
d i m e n s i o n s ( t ime and wave leng th ) by G a u s s i a n convolut ion . I n s t r u c t i o n s for 
the d e g r e e of smoo th ing c a n be e n t e r e d a t the t i m e of the e x p e r i m e n t o r a t a 
l a t e r t i m e . A b s o r b a n c e c a l c u l a t i o n and smoo th ing a r e c a r r i e d out o v e r n i g h t 
as a "Long T e r m " ( lowes t p r i o r i t y ) job . The f inal da ta (up to 10000 va lues ) 
a r e s t o r e d in a new f i le . 

All f i les m e n t i o n e d so far a r e d i s k f i l e s . H o w e v e r , the c o m p r e s s e d -
data f i les a r e u s u a l l y a l s o t r a n s f e r r e d to t ape for a r c h i v i n g p u r p o s e s . 

The f inal s t age of the p r o c e s s i n g i s the plot t ing on the g raph ic d i s p l a y 
t e r m i n a l . T h r e e p lo t t ing p r o g r a m s have been w r i t t e n which p r o d u c e the fol
lowing p l o t s : ( l ) the t i m e funct ion a t a d e s i r e d wave leng th , (2) the a b s o r b a n c e 
s p e c t r u m a t any g iven t i m e du r ing the s t r e a k , and (3) a t h r e e - d i m e n s i o n a l 
plot of a b s o r b a n c e v e r s u s t i m e and wave leng th . The t h r e e - d i m e n s i o n a l m o d e l 
can be v iewed f r o m any d e s i r e d ang le . E x a m p l e s of a l l p lo t s a r e given in 
Sec. V. 

IV. RANGES C O V E R E D . RESOLUTION, AND ACCURACY 

A. G e n e r a l R e m a r k 

The v a l u e s for r e s o l u t i o n and a c c u r a c y given below a r e va l id when no 
s m o o t h i n g of the da ta i s c a r r i e d out. F u r t h e r m o r e , m o s t of the r e s u l t s shown 
in Sec. V w e r e ob ta ined be fo re the new f r equency m o d u l a t o r had been c o m 
p le t ed . The a b s o l u t e a c c u r a c y of t h o s e a b s o r b a n c e v a l u e s i s t h e r e f o r e two to 
t h r e e t i m e s l e s s , and the t i m e r e s o l u t i o n two t i m e s l e s s than the v a l u e s r e 
p o r t e d be low. 
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B. Time 

The maximum st reak length usable with our sys tem is 2.5 m s . It was 
obtained by modifying the 10-ms range of a mil l isecond s t reak unit. Longer 
s t reaks a re not possible because pa r t of the TV lines would be scanned before 
completion of the s treak. 

The shortes t s t reak length used so far for absorbance m e a s u r e m e n t s 
is 0.5 p,s, a l imit imposed by the sensit ivity of the TV c a m e r a and the radiance 
of the available light source. 

The l ineari ty of the t ime scale is determined by the l inear i ty of the 
ramp voltage produced by the s t reak modules and by the geomet r ica l d i s tor 
tion of the TV camera . We use the following simple method to ca l ibra te the 
t ime scale of our system: We repeatedly r ecord the strong t rans ien t absorp
tion signal produced in a KCNS solution, varying the setting of the TRW delay 
generator and thus moving the leading edge of the absorption signal through 
the length of the streak. The deviation from l inear i ty is typically 1-2% of full 
scale. 

C. Wavelength 

With the present system, measuremen t s can be c a r r i e d out between 
about 240 and 750 nm, these l imits being imposed, respect ively , by the loss 
of uv on the m i r r o r s , and the limited red sensitivity of the S20 cathode of the 
s t reak tube. However, we are present ly rebuilding the optical a r rangement , 
making it more compact and eliminating all m i r r o r s except those in the spec
trograph. By this modification, we expect a considerable intensity gain in the 
far uv and an extension of the usable range to shor ter wavelengths. 

With the available gratings of 1200, 600, and 300 l ines /mm, the wave
length range covered by one measuremen t is 8 5, 170 and 340 nm, respectively. 
The lat ter range cannot be fully used in mos t c a se s ; all wavelengths \ ^ 
0.5X.max have to be eliminated by cutoff f i l ters to avoid second-order spectra l 
components. For measurements in the uv or the red, we usually "straighten 
out" the IQ spectrum by reducing the br ighter end of the t ransmi t ted spectrum 
with the aid of special f i l ters and/or by slight defocusing, to make bet ter use 
of the limited dynamic range of the TV detection sys tem. 

Since the wavelength range determined by the grating covers 100 TV 
lines, the wavelength resolution is about 1% of that range, except when the ver
tical slit width is grea ter than about 0.2 mm. In the la t te r case , the resolution 
is about 5% of the range per m m slit width. 

The absolute accuracy of the wavelength measu remen t is equal to the 
wavelength resolution. 
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D. A b s o r b a n c e 

The r e l a t i v e a c c u r a c y of the m e a s u r e d a b s o r b a n c e is e s s e n t i a l l y d e t e r 
mined by the no i se l eve l o b s e r v e d on the a b s o r b a n c e c u r v e ( s p e c t r u m or t i m e 
function), which is connposed of t h r e e t ypes of n o i s e : 

1. Shot no i s e f rom the s t r e a k tube (AAj). 

2. Al l n o i s e c o m p o n e n t s that can be t r e a t e d as a n o i s e vo l t age , in
cluding r a n d o m n o i s e f r o m the Vidicon tube , the v ideo a m p l i f i e r in the TV 
c a m e r a , and f r o m the e n t i r e d isk s t o r a g e s y s t e m , and "bi t n o i s e " f rom the 
a n a l o g - t o - d i g i t a l c o n v e r t e r in the B i o m a t i o n 8100 (AAj). 

3. A n o n r a n d o m (with r e s p e c t to t ime) componen t c a u s e d by loca l 
v a r i a t i o n s of the g a m m a of the Vid icon tube (AA3). 

An a n a l y s i s l e a d s to the e x p r e s s i o n 

AA = yAA^i + A A | + AAf, ( i j 

AA be ing the r m s no i s e on the m e a s u r e d a b s o r b a n c e c u r v e , and AAj.j c o r r e s 
ponding to the t h r e e c o m p o n e n t s 

c o n s t AAi = - ^ ^ ^ Jl + 103A, (2) 
lo 

^ 2 = - T ^ . T ^ V l̂ + 102YA, • (3) 
Y 'f'n 10 Vg 

a n d 

AA3 = —AY. (4) 
Y 

In E q s . 2 - 4 , IQ i s the l ight i n t e n s i t y a t a given wave leng th , inc iden t on 
the pho toca thode of the s t r e a k tube , A i s the a b s o r b a n c e ca l cu l a t ed f r o m the 
e x p e r i m e n t a l da ta , Y i s the g a m m a va lue of the Vidicon tube as defined by 
Eq. 5, AV is the r m s no i s e vo l t age , and VQ i s the s igna l amp l i t ude c o r r e s 
ponding to IQ. AV and VQ a r e m e a s u r e d a t the input of the B i o m a t i o n 8100. The 
r e l a t i o n b e t w e e n l ight i n t ens i t y and m e a s u r e d vo l tage is 

V = c o n s t a n t lY. (5) 

We found tha t , u n d e r o p t i m u m condi t ions ( m e a s u r e m e n t s in the n e a r 
uv o r the l o w e r p a r t of the v i s i b l e s p e c t r u m ) , the componen t AAj is neg l ig ib l e . 
F o r ou r p r e s e n t Vid icon (Y = 0.7) , we c a l c u l a t e d f r o m r e c o r d e d d a r k - l e v e l 
s i g n a l s the m i n i m u m ob ta inab l e AA as 
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AAmin ^ AA, = 0.002671 + 101.4A (3a) 

or, for A « 0, A ^ i n - 0.0037. 

This value is in approximate agreement with the lowest noise level 
observed on measured absorbance curves . Under m o r e adverse conditions 
(measurements in the far uv or the red, or on strong absorbing solutions), the 
f irs t component becomes important , and the noise level typically i n c r e a s e s by 
a factor of 2-4. The third component only affects m e a s u r e m e n t s of re la t ively 
high absorbance values. 

The fact that the f irs t two components, AAj and AA2, i nc r ea se rapidly 
with the absorbance, imposes a prac t ica l l imit to the measu rab le absorbance: 
Values over 1 cannot be determined with reasonable accuracy. 

The absolute accuracy of the absorbance depends on how well the r e 
sponse curve of the system consisting of the TV camera and the video and disk 
circui t ry can be approximated by a correct ion function incorpora ted into the 
computer p rogram (such as Eq. 5). Again, local var ia t ions of the response 
curve of the TV camera play an important role in this respect . 

F rom experiments with neutra l -densi ty f i l te rs , we conclude that the 
absolute e r r o r of a t ransient absorbance measuremen t , not counting the noise-
related e r r o r , is normally less than 3%. 

V. RESULTS 

Figure 14 shows three-dimensional plots of a t r ans ien t spec t rum pro
duced by a pulse of electrons in an aqueous solution of p-xylene. The two 
representat ions (A and B) resul t from rotation of the th ree-d imens iona l r epre 
sentation relative to the projection axes. To reveal the important features of 
a t ransient spectrum more clear ly, any set of angles may be selected as an 
option in the FORTRAN plotting p rogram. In our example, one can see two 
naajor peaks (due to H and OH attack) decaying at different r a t e s . F igures 15 
and 16 i l lus t ra te the spectrum of this same t rans ien t at two different t imes 
after the pulse. Here again, one can see that one of the major peaks de
cays more rapidly than the other. In Figs . 17 and 18, we show stil l another 
option in displaying the data. Here we i l lus t ra te the decay of the t rans ient at 
two different wavelengths. F r o m these decay curves , it is possible to obtain 
rate constants by appropriate FORTRAN p r o g r a m s . 

Figure 19 shows a th ree-d imens iona l display of the emiss ion spectrum 
produced by i r radia t ing a solution of naphthalene in benzene with a 10-ns pulse 
of e lectrons. 
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Fig. 14. Three-dimensional Plots of Transient Absorption Spectrum Ob
served in Pulse-irradiated p-xylene. ANL Neg. No. 122-2653. 
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T^ir, IR Qnor-frnm nf n_viripnp Tramient Immediately after Electron Pulse. ANL Neg. No. 122-1239. 



24 

r;CE ::<-rLHI=ii£-0504̂ 2 
3~14H 
STREAK 290.00,US, SPECTRUM AT 59 882,US 
UAUELENCTH RANGE 240 0 - 420.0 ̂ n 
ABSORBANCE SCALE^ 0.010 CM-l PER DIU 

Fig. 16. Spectrumof p-xylene Transient 27jiS after Electron Pulse. ANL Neg. No. 122-1236. 
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Fig. 17. Time function of p-xylene Transient at 269 nm. ANL Neg. No. 122-1238. 
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Fig. 18. Time function of p-xylene Transient at 296 nm. ANL Neg. No. 122-1235. 
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Fig. 19. Transient Emission Produced in a Solution of Naphthalene in Benzene 
Irradiated with a 10-ns Electron Pulse. (Time range, l/js; wavelength, 
240-420 nm; emission in arbitrary units.) ANL Neg. No. 122-2619. 
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With the present sys tem we have achieved a t ime resolut ion of 10 ns 
in absorption and 1 ns in emission. By using a more sensi t ive c a m e r a of the 
ISIT type which we descr ibed in our ea r l i e r publication, ' together with a fas ter 
s t reak module for our present camera,^ we expect to achieve a t ime reso lu 
tion of 200-500 ps in absorption. In emiss ion, we hope to achieve st i l l shor te r 
t ime resolution based on our experience with a fas ter s t reak camera . 
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